Persistent hotspots of Schistosoma mansoni transmission in the Kenyan waters of Lake Victoria: 1 a search for snail-related answers beneath the waves 2 3 Snails and hotspot transmission of S. mansoni in Lake Victoria 4 5 Abstract 2 3 Background 2 4
14] reported overall prevalence of 60.5% and 69%, respectively, with island areas having 2-fold 1 0 1 higher prevalence rates than mainland villages. Schools closer to the lake had higher 1 0 2 prevalence rates than those further from the lake. This would seem to be associated with more 1 0 3 frequent contact with lake water containing infected snails, rendering such children more 1 0 4 vulnerable to infection or re-infections after treatment. for 150 Kenyan villages situated on or near the eastern shore of Lake Victoria [15] . In schools 1 1 0 that reported significant declines in prevalence, the initial prevalence ranged from 52-81%, and 1 1 1 following treatment declined to 5.5-19%, and were termed "responding" sites (Table 1) . cages each with 2 mice were tethered adjacent to locations where snails were collected (total of 1 8 2 20 mice per village per sampling time). Mice were in contact with the water for 3 hours (11:00 1 8 3 hr -14:00 hr), an interval when shedding of cercariae by S. mansoni-infected snails is expected 1 8 4
to be at its peak (Steinauer et al., 2008) . Mice from each sampling site were then marked with [20] at eight weeks post exposure. Recovered worms were counted and tabulated with respect 1 8 7
to village, sampling site and sampling time. All experiments involving mice were approved by institutional animal care and use All protocols and practices for the handling and manipulation of mice were in accordance with case, the correlation accounts for 40% of the variation in the data. Alternatively, the responding hotspot sites are considered, the correlation accounts for 69% of the variation in the data, and 2 4 9
Miyandhe appears to be much less of an outlier (Pearson r=0.8329, p=0.0198). The star indicates the village of Miyandhe, a potential outlier in the analysis. The overall number of positive snails and prevalence for S. mansoni recovered among 2 5 6 all 10 villages examined was higher for B. sudanica (83/10,249, 0.81%) than for B. In all 10 villages, the number of trematode infections other than S. mansoni recovered 2 7 2 from B. sudanica (Table 3 ) exceeded those of S. mansoni (totals of 241 and 83, respectively). In was similar between hotspot and responding villages (3.5 and 3.1%, respectively),
Echinostomes were the most abundant non-S. mansoni infections with 112 snails infected from 2 7 7 the ten study villages. Echinostomes are of particular interest because their intramolluscan schistosomiasis. Indeed, the ratio of echinostomes to schistosomes was significantly higher in Overall, there were significant positive correlations between S. mansoni infected snails and 2 8 3 echinostome infected snails (Pearson r = 0.6438, p = 0.0445) as well as between S. mansoni 2 8 4 infected snails and amphistome infected snails (Pearson r = 0.9308, p < 0.0001). Relationships 2 8 5 between S. mansoni and strigeids and also between S. mansoni and xiphidiocercariae were 2 8 6 non-significant (strigeid Pearson r = 0.603, p = 0.0650; xiphidicercariae Pearson r = -0.1573, p = 2 8 7 0.6643). was consistently higher in hotspot villages than in responding villages during the 4 sampling 3 0 0 times, however, this difference was not statistically significant (2-way repeated measures
.5652, p=0.4737) (Fig 8) .
3 0 2
The number of infected snails recovered per village was positively correlated with the 3 0 3
number of worms recovered in sentinel mice (Fig 7) indicating that the sentinel mice exposures sentinel mice (Pearson r = 0.03413, p = 0.347) ( Fig 7) . al.
[28] also noted excesses of non-schistosome trematodes in Lake Albert (5.33 fold) and Lake In conclusion, the results of the present study suggest that snail-related factors may be 4 2 5
partly responsible for the differences observed in S. mansoni prevalence between the hotspot 4 2 6
and responding villages. We estimate that the force of transmission in hotspot villages was 4 2 7
nearly 2 times higher as compared to responding villages as determined by the mean number of from the same hotspot villages. However, caution is required as there is variability amongst
villages in the magnitude of these effects, and numbers of positive snails recovered at different 4 3 1 times were variable even within a village. We noted that B. sudanica was present in all the 4 3 2
villages we studied and based on the number of positive snails of this species recovered we 
